The reactions of bis(diphosphino)ethylenediamine derivatives, [Ph 2 PN(R)CH 2 ] 2 (R =CH 3 , CH 2 Ph or Ph) with elemental sulfur and selenium afford the corresponding disulfide or diselenide derivatives in good yield. All compounds have been characterized by elemental analysis, NMR ( 31 P and 1 H) and IR spectroscopic data. The structure of one of the disulfide derivative, [Ph 2 P(S)N(Ph)CH 2 ] 2 is determined by X-ray crystallography.
Introduction
Previous papers of this series have discussed the reactions of various transition metal derivatives with interesting and flexible bis(phosphines) derived from N,N%-substituted ethylenediamines [1, 2] . In addition, these long chain bis(phosphines) reacted with phosphoryl azide to give interesting acyclic bis(phosphinimines) [3] which can act as potential hexa-dentate ligands toward the transition elements and f-block metals. As a continuation of our work [1,4 -9] and for the interest of others [10] [11] [12] [13] [14] , we report herein the synthesis and characterization of disulfide and diselenide derivatives of N,N%-substituted ethylenediamine bound bis(phosphines), Ph 2 P(E)N(R)CH 2 CH 2 N(R)P(E)Ph 2 (1 R = CH 2 Ph, X= S; 2 R =Ph, X= S; 3 R =Me, X= S; 4 R= CH 2 Ph, X = Se; 5 R = Ph, X = Se; 6 R = Me, X = Se). The disulfide, [Ph 2 P(S)N(C 6 H 5 )CH 2 ] 2 (2) is structurally characterized.
Experimental
All manipulations were carried out under dinitrogen by standard Schlenk line techniques. Solvents were dried by standard methods and were distilled prior to use. Ph 2 PN(R)CH 2 CH 2 N(R)PPh 2 (R=CH 2 Ph, Ph, Me) were prepared according to published procedures [1] . The 1 H and 31 P NMR spectra were recorded on a VXR 300 spectrometer operating at the appropriate frequencies using tetramethylsilane and 85% H 3 PO 4 as internal and external references, respectively. CDCl 3 was used as both solvent and internal lock. Positive shifts lie downfield in all cases. Microanalyses were carried out on Carlo Erba 1106 Model elemental analyzer. 82 mmol) and elemental sulfur (0.052 g, 1.64 mmol) in toluene (25 ml) was heated under reflux conditions for 6 h. The solution was then cooled to 25°C, concentrated to 5 ml under vacuum and 3 ml of n-hexane was added. Keeping this solution at 0°C gave the analyti-cally pure crystalline product 1 in good yield. The selenium analogue 4 was prepared similarly and obtained as colorless crystalline product.
Preparation of [Ph 2 P(E)N(R)CH
The same procedure was used to prepare compounds 1-6. Further, all the compounds were recrystallized from CH 2 Cl 2 -hexane (1:1) at 0°C.
Alternatively, compounds 1-3 were also prepared by reacting Ph 2 P(S)Cl (20 mmol) with appropriate N,N%-substituted ethylenediamines (10 mmol) and triethylamine (20 mmol) in diethylether (100 ml) at 25°C. The reaction mixture was allowed to stir for 12 h. The triethylamine.hydrochloride was filtered off and the filtrate was concentrated to a small bulk and cooled to 0°C to give analytically pure products of 1-3. The yields were considerably lower (40 -55%) compared to the direct method.
The following compounds were prepared using the direct method.
[ 
X-ray structure determination of 2
A colorless crystal of 2 (0.5×0.4×0.3 mm) crystallized from CH 2 Cl 2 at 0°C was mounted on a Pyrex filament with epoxy resin. General procedures for crystal alignment, unit cell determination and refinement and collection of intensity data on the Enraf-Nonius CAD-4 diffractometer have been published [15] . Details specific to the present study are presented in Table 1 . Periodic monitoring of check reflections showed stability of the intensity data. The structure was solved by direct methods and refined by full-matrix least-squares techniques using anisotropic thermal parameters for non-H atoms. All calculations were performed with the SHELXTL PLUS program package [16] . A perspective view (ORTEP) [17] of 2 is illustrated in Fig. 1 showing the atom numbering scheme. Selected bond lengths and angles are given in Table 2 . The full details are provided as Supplementary material.
Results and discussion
The reactions of bis(phosphines), [Ph 2 PN(R)CH 2 ] 2 with 2 equiv. of sulfur or selenium in toluene under refluxing conditions afford the corresponding disulfides derivatives instead dichalcogenides were obtained in low yields and half the original amount of bis(phosphines) left unreacted. The physical and analytical data for the compounds are summarized in Section 2. The 31 P NMR spectra of compounds 1-6 show singlets as expected in the region 68-71 ppm characteristic of thioyl-and selenoyl phosphines and the chemical shift region is quite consistent with the literature for analogous derivatives [18, 19] . The selenide derivatives show 1 J P -Se coupling in the range of 760 Hz as expected.
1 H NMR spectra are consistent with the structural composition. Further the structure of compound 2, [Ph 2 P(S)N(CH 2 C 6 H 5 )] 2 was confirmed by single crystal X-ray analysis.
Molecular structure of [Ph 2 P(S)N(C
The solid-state structure of disulfide [Ph 2 P(S)N-(C 6 H 5 )CH 2 ] 2 (2) was determined by single-crystal X-ray diffraction. The perspective view of the molecule is displayed in Fig. 1 and important bond lengths and bond angles are listed in Table 2 . Compound 2 crystallizes in the extended conformation and possesses crystallographically imposed centrosymmetry. The P N bond length of 1.674 A , is shorter than the normally accepted value for a single bond (1.77 A , ) [20] , but compares well with those compounds containing either ethylenediamine backbone [1] or with nitrogen bridged bis(phosphines) [4, 21] suggesting the multiple bond nature. Interestingly the geometry around the nitrogen is distinctly pyramidal with sum of the angles about N being 342.2°. The P S bond length is 1.95 A , . The phosphorus centers are in typical tetrahedral environment. The structure of the disulfide is zig-zag in nature with remarkable flexibility as suggested by preliminary studies with transition metals.
Conclusions
Previously described ethylenediamine bound diphosphines with trans conformations isomerise prior to form seven-membered chelate complexes with transition metals. Interestingly the dichalcogenides in the present investigations also exhibit trans conformation, but due to the presence of long chain they are unlikely to show such isomerization and chelate ring formation. Preliminary results have shown that they prefer bridging coordination mode. Thus they can be used to make long chain polynuclear metal complexes with low valent metals and also with silver and gold derivatives which may draw the attention of material chemists. Further work in this direction is underway in our laboratory. (7) 1.821(3) P C(1)
Bond angles a N P C (7) 111.11(9) 102.98 (10) C (1) or diselenides in good yield (Eq. (1)). The disulfides can also be prepared by reacting the chlorodiphenylphosphinesulfide with appropriate ethylenediamine derivatives (Eq. (2)).
(1) (2)
The yields were considerably lower in this method. However, attempts to synthesize the monochalcogenides have been unsuccessful. The reaction of bis(-phosphines) with one mole of elemental sulfur or selenium did not afford the expected monochalcogenide 
Supplementary material

